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1 ; 

LIGHTING CIRCUIT , LUMINAIRE , AND nection terminal connected to another end of the solid - state 
ILLUMINATION SYSTEM light - emitting element ; and a second connection terminal , 

and the lighting circuit includes : a characteristics detector 
CROSS REFERENCE TO RELATED that detects one of open and short circuits between the third 

APPLICATION 5 connection terminal and the second connection terminal ; and 
a power controller that adjusts current that is supplied 

This application claims the benefit of priority of Japanese between the first connection terminal and the third connec 
Patent Application Number 2015 - 046466 filed on Mar . 9 , tion terminal of the solid - state light - emitting element mod 
2015 , and Japanese Patent Application Number 2015 ule , to a predetermined value greater than zero , when the 
050074 filed on Mar . 12 , 2015 , the entire content of which 10 characteristics detector detects one of the open and short 
is hereby incorporated by reference . circuits between the third connection terminal and the sec 

BACKGROUND OF THE INVENTION ond connection terminal . 
According to the present disclosure , it is possible to 

1 . Field of the Invention 15 provide a lighting circuit , a luminaire , and an illumination 
The present disclosure relates to a lighting circuit which system that are capable of supplying current to solid - state 

supplies current to a solid - state light - emitting element mod light - emitting element modules of multiple types . 
ule including a solid - state light - emitting element such as an 
LED ( light - emitting diode ) , and to a luminaire and an BRIEF DESCRIPTION OF DRAWINGS 
illumination system that include the lighting circuit . 

2 . Description of the Related Art The figures depict one or more implementations in accor 
A lighting circuit which supplies current to a solid - state dance with the present teaching , by way of examples only , 

light - emitting element module including a solid - state light not by way of limitations . In the figures , like reference 
emitting element such as an LED , as well as a luminaire numerals refer to the same or similar elements . 
including the lighting circuit , are conventionally known ( for 25 FIG . 1 is an external perspective view schematically 
example , PTL ( Patent Literature ) 1 : Japanese Unexamined illustrating an illumination system according to Embodi 
Patent Application Publication No . 2011 - 181295 ) . In the ment 1 ; 
technique disclosed in PTL 1 , the solid - state light - emitting FIG . 2 is a schematic circuit diagram of an illumination 
element module is so configured as to be removably attached system according to Embodiment 1 ; 
to the lighting circuit . In a situation such as where the 30 FIG . 3 is a circuit diagram illustrating one example of a 
solid - state light - emitting element module is damaged , this configuration of an LED module according to Embodiment 
configuration allows only the solid - state light - emitting ele 
ment module to be replaced . FIG . 4 is a circuit diagram illustrating one example of a 

configuration of an LED module according to Embodiment SUMMARY OF THE INVENTION 
FIG . 5 is a circuit diagram illustrating one example of a Furthermore , PTL 1 discloses a configuration of a solid configuration of an LED module according to Embodiment state light - emitting element module that includes a connec 

tion terminal for outputting characteristics setting signals in 
order that a plurality of solid - state light - emitting element 40 ent 40 FIG . 6 is a circuit diagram illustrating one example of a 
modules having different electrical characteristics are avail - configuration of an LED module according to Embodiment 
able with a single lighting circuit . With this , the lighting 1 ; 
circuit disclosed in PTL 1 aims to output , based on the FIG . 7 is a circuit diagram illustrating a configuration of 
characteristics setting signals , current adapted to the elec - a lighting circuit according to Embodiment 1 ; 
trical characteristics of the solid - state light - emitting element 45 FIG . 8 is an equivalent circuit schematic of a circuit that 
modules . determines voltage of an identification signal according to 

However , PTL 1 discloses only the configuration of the Embodiment 1 ; 
solid - state light - emitting element module in which a circuit FIG . 9 is a flowchart showing an operation performed by 
including a resistor , etc . , is connected between the connec - a lighting circuit according to Embodiment 1 ; 
tion terminal and an output terminal , and fails to disclose the 50 FIG . 10 is a circuit diagram illustrating a configuration of 
configuration in which there is one of open and short circuits a lighting circuit according to Embodiment 2 ; 
between the connection terminal and the output terminal . FIG . 11 is a flowchart showing an operation performed by 
Furthermore , PTL 1 fails also to disclose a lighting circuit to a lighting circuit according to Embodiment 2 ; 
which a solid - state light - emitting element module having the FIG . 12 is a schematic view of a lighting circuit with an 
stated configuration can be connected . 55 LED module according to Embodiment 3 ; 

A lighting circuit , a luminaire , and an illumination system FIG . 13 shows the relationship between a preset voltage 
disclosed herein have been conceived to solve a problem value ( reference voltage ) and voltage that occurs at a char 
such as that described above . An object of the present acteristics setter with a lighting circuit illustrated in FIG . 12 ; 
disclosure is to provide a lighting circuit , a luminaire , and an FIG . 14 shows the relationship between a preset current 
illumination system that are capable of supplying current to 60 value and a resistance value of a characteristics setter with 
solid - state light - emitting element modules of multiple types . a lighting circuit according to Embodiment 3 ; 

In order to achieve the aforementioned object , a lighting FIG . 15 shows the relationship between a preset current 
circuit according to one aspect of the present disclosure is a value and a resistance value of a characteristics setter with 
lighting circuit which supplies current to a solid - state light - a lighting circuit according to Embodiment 4 ; 
emitting element module including : a solid - state light - emit - 65 FIG . 16 shows the relationship between a preset current 
ting element ; a first connection terminal connected to one value and a resistance value of a characteristics setter with 
end of the solid - state light - emitting element ; a third con - a lighting circuit according to Embodiment 5 ; 

1 ; 
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FIG . 17 shows the relationship between a preset current Socket 6 is a coupling part that is connected to plug 22 of 
value and a resistance value of a characteristics setter with LED module 2 , and includes output terminals 61 , 62 , and 63 . 
a lighting circuit according to Embodiment 6 ; The shape , structure , etc . , of socket 6 are not particularly 

FIG . 18 shows the relationship between a preset current limited as long as they are adapted to plug 22 . 
value and a resistance value of a characteristics setter with 5 Plug 22 is a coupling part that is connected to socket 6 and 
a lighting circuit according to Embodiment 7 ; and light source 20 , and includes first connection terminal 221 , 

FIG . 19 is an external view of an illumination system second connection terminal 222 , and third connection ter 
according to Embodiment 8 . minal 223 as illustrated in FIG . 2 . The shape , structure , etc . , 

of plug 22 are not particularly limited as long as they are 
DETAILED DESCRIPTION OF THE 10 . adapted to socket 6 . 
PREFERRED EMBODIMENTS First connection terminal 221 is one of the terminals of 

plug 22 and is connected to an anode - side end of LED 21 . 
Hereinafter , exemplary embodiments are described with Second connection terminal 222 is one of the terminals of 

reference to the accompanying drawings . Note that each of us plug 22 , and is connected to characteristics setter 23 . Voltage 
the embodiments described below shows a preferred specific for generating an identification signal is applied from lumi 
example of the present disclosure . Therefore , the numerical naire 4 to second connection terminal 222 . 
values , shapes , materials , structural elements , arrangement Third connection terminal 223 is one of the terminals of 
and connection of the structural elements , steps , the pro - plug 22 and is connected to a cathode - side end of LED 21 . 
cessing order of the steps etc . , shown in the following 20 First connection terminal 221 , second connection terminal 
embodiments are mere examples , and are not intended to 222 , and third connection terminal 223 are respectively 
limit the present disclosure . Consequently , among the struc connected to output terminals 61 , 62 , and 63 of socket 6 . 
tural elements in the following embodiments , structural Light source 20 is a light source of LED module 2 , and 
elements not recited in any one of the independent claims includes LED 21 , characteristics setter 23 , connection ter 
which indicate the broadest concepts of the present disclo - 25 minals 201 , 202 , and 203 , and a substrate ( not illustrated in 
sure are described as arbitrary structural elements . the drawings ) on which these parts are provided . In this 

Note that the respective figures are schematic diagrams embodiment , the substrate is formed of a planar substrate . 
and are not necessarily precise illustrations . Additionally , LED 21 is a solid - state light - emitting element that is used 
substantially the same structural elements in the figures as a light emitter of LED module 2 . LED 21 is formed of a 
share the same reference signs , and description that would 30 SMD ( surface mount device ) LED element , for example . 
overlap may be omitted or simplified . Furthermore , LED 21 includes one or more LED elements . 

Connection terminal 201 is connected to an anode side of 
Embodiment 1 LED 21 . Connection terminal 201 is connected to high 

voltage output terminal 61 of luminaire 4 via plug 22 . 
1 . 1 . Configuration of Illumination System 35 Connection terminal 202 is connected to characteristics 

setter 23 . Connection terminal 202 is connected to output 
First , a configuration of an illumination system according terminal 62 of luminaire 4 via plug 22 . 

to Embodiment 1 is described with reference to the draw Connection terminal 203 is connected to a cathode side of 
ings . LED 21 . Connection terminal 203 is connected to low 

FIG . 1 is an external perspective view schematically 40 voltage output terminal 63 of luminaire 4 via plug 22 . 
illustrating illumination system 10 according to this embodi - Characteristics setter 23 is a circuit connected between 
ment . connection terminal 202 and connection terminal 203 and to 

FIG . 2 is a schematic circuit diagram of illumination which voltage for generating an identification signal is 
system 10 according to this embodiment . applied from luminaire 4 . Characteristics setter 23 is also 
As illustrated in FIG . 1 , illumination system 10 includes 45 referred to as an identification resistor . In this embodiment , 

luminaire 4 and LED module 2 . characteristics setter 23 is configured to create an open or 
Luminaire 4 is a device for supplying current to LED short circuit between connection terminal 202 and connec 

module 2 , and includes power supply box 5 including tion terminal 203 , or is configured so as to connect connec 
lighting circuit 1 , and socket 6 . tion terminal 202 and connection terminal 203 to each other 
LED module 2 is a solid - state light - emitting element 50 via a resistor or the like . Hereinafter , each of the above 

module that emits light when supplied with current from stated configurations is described . 
luminaire 4 . LED module 2 includes LED 21 which is a First , a configuration in which there is an open circuit 
solid - state light - emitting element , first connection terminal between connection terminal 202 and connection terminal 
221 connected to one end of LED 21 , third connection 203 is described with reference to FIG . 3 and FIG . 4 . 
terminal 223 connected to the other end of LED 21 , and 55 FIG . 3 is a circuit diagram illustrating one example of a 
second connection terminal 222 . In this embodiment , LED configuration of LED module 2A according to this embodi 
module 2 includes plug 22 which is connected to socket 6 of ment . 
luminaire 4 , and light source 20 having LED 21 . As illustrated in FIG . 3 , in characteristics setter 23A in 
As illustrated in FIG . 2 , luminaire 4 according to this light source 20A of LED module 2A , there is an open circuit 

embodiment further includes output terminals 61 and 63 for 60 between terminal 231 connected to connection terminal 202 
supplying current to LED 21 of LED module 2 , and output and terminal 232 connected to connection terminal 203 . 
terminal 62 to which voltage for detecting electrical char - Accordingly , there is likewise an open circuit between 
acteristics of LED module 2 is applied . In this embodiment second connection terminal 222 and third connection termi 
output terminals 61 and 63 and output terminal 62 are nal 223 as well . 
included in socket 6 . 65 Next , another configuration in which there is an open 

Lighting circuit 1 supplies current to LED module 2 . circuit between connection terminal 202 and connection 
Details of lighting circuit 1 are described later . terminal 203 is described with reference to FIG . 4 . 
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FIG . 4 is a circuit diagram illustrating one example of a and characteristics detector 14 . Furthermore , lighting circuit 
configuration of LED module 2B according to this embodi - 1 includes output terminals 101 , 102 , and 103 . 
ment . Light source 20B of LED module 2B illustrated in Output terminals 101 and 103 are terminals that are 
FIG . 4 is configured not to include characteristics setter 23 respectively electrically connected to first connection termi 
and connection terminal 202 . 5 nal 221 and third connection terminal 223 of LED module 

As illustrated in FIG . 4 . also in LED module 2B . there is 2 and from which current is output to LED module 2 . 
an open circuit between second connection terminal 222 and Output terminal 102 is electrically connected to second 
third connection terminal 223 as in the case of LED module connection terminal 222 of LED module 2 and applies to 
2A described above . Although FIG . 4 illustrates the con second connection terminal 222 voltage for generating an 
figuration of LED module 2B in which characteristics setter 10 identification signal . 
23 and connection terminal 202 are not included , LED Power supplier 11 is a circuit that supplies constant DC 

( direct current ) to LED module 2 . In this embodiment , module 2B may be configured not to include characteristics power supplier 11 converts to DC voltage AC voltage input 
setter 23 , but to include connection terminal 202 . from AC power supply 3 , and additionally performs DC - to 
Next , a configuration in which there is a short circuit bort circuit 15 DC conversion , thereby generating constant DC . As illus between connection terminal 202 and connection terminal trated in FIG . 7 , power supplier 11 includes rectifier 111 , 

203 is described with reference to FIG . 5 . capacitors 112 and 116 , switching element 113 , diode 114 , 
FIG . 5 is a circuit diagram illustrating one example of a inductor 115 , and resistor 117 . 

configuration of LED module 2C according to this embodi - Rectifier 111 is a circuit that rectifies AC voltage input 
ment . 20 from AC power supply 3 . Rectifier 111 includes a diode 
As illustrated in FIG . 5 , in characteristics setter 23C in bridge , for example . 

light source 20C of LED module 2C , there is a short circuit Capacitor 112 is an element that is connected to an output 
between terminal 231 connected to connection terminal 202 terminal of rectifier 111 and is used for smoothing pulsing 
and terminal 232 connected to connection terminal 203 . DC voltage output from rectifier 111 . Furthermore , a series 
Note that a configuration of connection between connection 25 circuit including switching element 113 and diode 114 is 
terminal 202 and connection terminal 203 is not limited to connected to both ends of capacitor 112 . In this embodiment , 
the example illustrated in FIG . 5 ; any connection that can capacitor 112 is formed of an electrolytic capacitor . 
reduce electrical resistance between connection terminal Switching element 113 is an element that performs a 
202 and connection terminal 203 to a sufficiently low level switching operation ( repeats turning ON and OFF ) under 
may be adopted . 30 control of power controller 12 ; in this embodiment , switch 

Next , a configuration in which connection terminal 202 ing element 113 is an N - channel MOSFET ( metal - oxide 
and connection terminal 203 are connected to each other via semiconductor field - effect transistor ) connected in series 
a resistor is described with reference to FIG . 6 . with inductor 115 . 

FIG . 6 is a circuit diagram illustrating one example of a Diode 114 is a rectifying element that forms a closed 
configuration of LED module 2D according to this embodi - 35 circuit together with LED 21 in LED module 2 and inductor 
ment . 115 and recovers energy stored in inductor 115 . A cathode 

As illustrated in FIG . 6 , in characteristics setter 23D in terminal of diode 114 is connected to a connection point 
light source 20D of LED module 2D , terminal 231 con between switching element 113 and inductor 115 , and an 
nected to connection terminal 202 and terminal 232 con anode terminal of diode 114 is connected to a low - voltage 
nected to connection terminal 203 are connected to each 40 output terminal of rectifier 111 . Furthermore , a series circuit 
other via resistor 233 . In light source 20D , as a result of including inductor 115 and capacitor 116 is connected to 
providing a connection between connection terminal 202 both ends of diode 114 . 
and connection terminal 203 with use of resistor 233 having Inductor 115 is a choke coil , and stores and releases 
a resistance value corresponding to electrical characteristics energy according to a switching operation of switching 
of LED 21 , an identification signal corresponding to the 45 element 113 . 
electrical characteristics can be generated . Capacitor 116 is an element that is connected in parallel 
As will be described later , lighting circuit 1 according to with LED 21 and smoothes pulsating voltage that occurs at 

this embodiment is capable of supplying an LED module of inductor 115 , etc . In this embodiment , capacitor 116 is 
any of the types of LED modules 2A to 2D described above , formed of an electrolytic capacitor . 
with current adapted to electrical characteristics of the LED 50 Resistor 117 is a sense resistor connected in series with 
module . LED 21 and used for detecting current that flows to LED 21 , 

that is , an output current of power supplier 11 . 
1 - 2 . Configuration of Lighting Circuit Power controller 12 is a circuit that detects an output 

current of power supplier 11 by detecting voltage that is 
Next , a configuration of lighting circuit 1 according to this 55 applied to resistor 117 of power supplier 11 , and performs , 

embodiment is described with reference to the drawings . based on the detected output current , feedback control on the 
FIG . 7 is a circuit diagram illustrating a configuration of output current of power supplier 11 . As illustrated in FIG . 7 , 

lighting circuit 1 according to this embodiment . FIG . 7 power controller 12 includes driver circuit 121 and com 
illustrates lighting circuit 1 , illumination system 10 includ - parator 122 . In this embodiment , power controller 12 adjusts 
ing lighting circuit 1 , and AC ( alternating - current ) power 60 current that is supplied to LED module 2 , to a predetermined 
supply 3 which supplies electrical power to lighting circuit value greater than zero , when characteristics detector 14 

detects one of open and short circuits between third con 
AC power supply 3 outputs AC voltage and is a system nection terminal 223 and second connection terminal 222 . 

power supply such as a commercial power supply which Power controller 12 adjusts current that is supplied to LED 
outputs AC voltage of 100 V to 242 V , for example . 65 module 2 , based on a value of resistance between third 
As illustrated in FIG . 7 , lighting circuit 1 includes power connection terminal 223 and second connection terminal 

supplier 11 , power controller 12 , control power supply 13 , 222 , when characteristics setter 14 detects neither of the 
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open and short circuits between third connection terminal are connected to an output end of control power supply 13 . 
223 and second connection terminal 222 . Accordingly , high - voltage reference voltage Vuis generated 

Driver circuit 121 performs control of causing switching at a connection point between resistor 141 and resistor 142 , 
element 113 to repeat turning ON and OFF ( i . e . , perform a and low - voltage reference voltage V? is generated at a 
switching operation ) . The control by driver circuit 121 5 connection point between resistor 142 and resistor 145 . The 
allows the output current of power supplier 11 to be main connection point between resistor 141 and resistor 142 is 
tained substantially constant . connected to the non - inverting input terminal of comparator 

Comparator 122 is a circuit that compares voltage corre - 151 , and the connection point between resistor 142 and 
sponding to the output current of power supplier 11 with resistor 145 is connected to the non - inverting input terminal 
voltage corresponding to a target value of the output current 10 of comparator 152 . 
that is input from characteristics detector 14 . Voltage that is Diode 143 is a rectifying element for preventing current 
applied to resistor 117 of power supplier 11 is input to an from flowing toward control power supply 13 . 
inverting input terminal of comparator 122 . Voltage corre - Resistors 144 and 147 are elements among which voltage 
sponding to a target value of the output current of power applied by control power supply 13 is divided . A connection 
supplier 11 is input from characteristics detector 14 to a 15 point between resistor 144 and resistor 147 is connected to 
non - inverting input terminal of comparator 122 . An output second connection terminal 222 of LED module 2 . Thus , 
of comparator 122 is input to driver circuit 121 . voltage Vin of the identification signal is applied to this 

Control power supply 13 is a circuit that applies constant connection point . Resistance value R147 of resistor 147 is set 
voltage Vce to characteristics detector 14 . As illustrated in to a value sufficiently greater than resistance value R144 of 
FIG . 7 , control power supply 13 includes resistor 131 and 20 resistor 144 and resistance value R233 of resistor 233 which 
Zener diode 132 . is used in characteristics setter 23 of LED module 2 . For 

Resistor 131 is an element for limiting current that flows example , when resistance values R 44 and R233 are approxi 
to Zener diode 132 . mately 1 k 2 to several tens of kilo - ohms , resistance value 

Zener diode 132 is an element for stabilizing voltage that R147 is approximately several tens of mega - ohms . How to 
is applied to characteristics detector 14 . Voltage that is 25 determine resistance values R 44 and R233 will be described 
applied across Zener diode 132 is approximately 15 V , for later in detail . 
example . Capacitor 146 is an element for reducing noise that is 

Characteristics detector 14 is a circuit that detects , based added to the identification signal . 
on the identification signal , one of open and short circuits Resistors 148 and 149 are elements among which voltage 
between third connection terminal 223 and second connec - 30 applied by control power supply 13 is divided and that are 
tion terminal 222 of LED module 2 . Characteristics detector used for generating reference voltage V16 that is input to IC 
14 outputs to power controller 12 voltage determined based 16 . Reference voltage V , corresponds to a target value of 
on the result of the detection . This voltage corresponds to a current that is supplied to LED module 2 when there is one 
target value of current which power supplier 11 outputs . As of open and short circuits between second connection ter 
illustrated in FIG . 7 , characteristic detector 14 includes ICs 35 minal 222 and third connection terminal 223 of LED module 
( integrated circuits ) 15 and 16 , resistors 141 , 142 , 145 , 147 , 2 . 
148 , and 149 , diode 143 , capacitor 146 , and AND circuit AND circuit 140 receives , as an input , output from 
140 . comparators 151 and 152 of IC 15 , and outputs a signal 

IC 15 is a circuit for detecting voltage Vin , of the corresponding to a logical conjunction of the input . Since 
identification signal ( that is , voltage at second connection 40 input signals for comparators 151 and 152 are set as 
terminal 222 of LED module 2 ) . IC 15 includes comparators described above , AND circuit 140 outputs a HIGH signal 
151 and 152 , and compares voltage Vin of the identification when voltage Vin of the identification signal is higher than 
signal with high - voltage reference voltage Vy and low - reference voltage Vy or when voltage Vin of the identifica 
voltage reference voltage V . When voltage Vin of the tion signal is lower than reference voltage Vz . When voltage 
identification signal is higher than reference voltage Vu , 45 Vin of the identification signal is higher than reference 
characteristics detector 14 determines that there is an open voltage V , and lower than reference voltage VU , AND 
circuit between second connection terminal 222 and third circuit 140 outputs a LOW signal . 
connection terminal 223 of LED module 2 . When voltage IC 16 is a circuit that determines a target value of the 
Vin of the identification signal is lower than reference output current of power supplier 11 based on a signal output 
voltage V , characteristics detector 14 determines that there 50 from AND circuit 140 , and includes changeover switch 161 
is a short circuit between second connection terminal 222 and buffer circuit 162 . 
and third connection terminal 223 of LED module 2 . Changeover switch 161 is an element that connects an 

Comparator 151 is a circuit that compares voltage Vin of output terminal and terminal 163 or 164 of IC 16 . 
the identification signal and high - voltage reference voltage Buffer circuit 162 is for shaping a waveform of an output 
Vy . Reference voltage Vy and voltage Vin of the identifi - 55 signal of AND circuit 140 . 
cation signal are respectively input to a non - inverting input IC 16 has the aforementioned configuration and therefore 
terminal and an inverting input terminal of comparator 151 . operates as follows . Changeover switch 161 is connected to 

Comparator 152 is a circuit that compares voltage Vin of terminal 164 when AND circuit 140 outputs a HIGH signal , 
the identification signal and low - voltage reference voltage that is , when voltage Vin of the identification signal is higher 
V . Voltage Vin of the identification signal and reference 60 than reference voltage Vy or when voltage Vin of the 
voltage V , are respectively input to a non - inverting input identification signal is lower than reference voltage V , . With 
terminal and an inverting input terminal of comparator 152 . this , IC 16 outputs reference voltage V16 . Changeover 

Resistors 141 , 142 , and 145 are elements among which switch 161 is connected to terminal 163 when AND circuit 
voltage applied by control power supply 13 is divided and 140 outputs a LOW signal , that is , when voltage Vin of the 
that are used for generating high - voltage reference voltage 65 identification signal is higher than reference voltage V2 and 
Vu and low - voltage reference voltage V? . Resisters 141 , lower than reference voltage Vy . With this , IC 16 outputs 
142 , and 145 are connected in series in the stated order and voltage Vin of the identification signal . 
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With lighting circuit 1 configured as described above , signal represented by above Expression 2 is input to power 
voltage Vin of the identification signal is determined as controller 12 as described above . Furthermore , feedback 
follows according to the configuration of characteristics control is performed on the output current of lighting circuit 
setter 23 of LED module 2 , that is , the configuration of 1 based on voltage Vin of the identification signal input to 
connection between second connection terminal 222 and 5 power controller 12 ; therefore , in this embodiment , power 
third connection terminal 223 . controller 12 increases current that is supplied to LED 

Voltage Vin of the identification signal is represented by module 2 as resistance value R233 increases . 
Expression 1 below when there is an open circuit between As described above , characteristics detector 14 detects a 
second connection terminal 222 and third connection termi - configuration of connection between second connection 
nal 223 . 10 terminal 222 and third connection terminal 223 , using the 

identification signal that corresponds to a value of resistance Vin = VcXR147 / ( R144 + R147 ) Expression 1 between second connection terminal 222 and third connec 
Since resistance value R147 is sufficiently greater than tion terminal 223 . 

resistance value R244 , voltage Vin is substantially equal to With this , when second connection terminal 222 and third 
voltage Vcc . Resistance values R 44 and R147 and resistance 15 connection terminal 223 of LED module 2 are connected to 
values of resistors 141 , 142 , and 145 are determined in such each other via resistor 233 , lighting circuit 1 is capable of 
a way that voltage Vin of the identification signal represented supplying LED module 2 with current corresponding to 
by Expression 1 is higher than high - voltage reference volt - resistance value R233 of resistor 233 . Furthermore , when 
age V , r . Accordingly , it is possible to determine that there is there is one of open and short circuits between second 
an open circuit between second connection terminal 222 and 20 connection terminal 222 and third connection terminal 223 
third connection terminal 223 when voltage Vin of the of LED module 2 , lighting circuit 1 is capable of supplying 
identification signal is higher than high - voltage reference LED module 2 with a predetermined current ( that is , current 
voltage Vu corresponding to reference voltage V16 ) as well . Note that 

When there is a short circuit between second connection the predetermined current can be appropriately determined 
terminal 222 and third connection terminal 223 of LED 25 according to the electrical characteristics of LED module 2 
module 2 , third connection terminal 223 is grounded via that is connectable to lighting circuit 1 . 
resistor 117 having a sufficiently small resistance value , and 
therefore voltage Vin of the identification signal is substan 1 - 3 . Operation Performed by Lighting Circuit 
tially zero . Resistance values of resistors 117 , 141 , 142 , and 
145 are determined in such a way that voltage Vin of the 30 Next , an operation performed by lighting circuit 1 is 
identification signal is lower than low - voltage reference described with reference to the drawings . 
voltage V? . Accordingly , it is possible to determine that FIG . 9 is a flowchart showing an operation performed by 
there is a short circuit between second connection terminal lighting circuit 1 according to this embodiment . 
222 and third connection terminal 223 when voltage Vin of As illustrated in FIG . 9 , first , characteristics detector 14 of 
the identification signal is lower than low - voltage reference 35 lighting circuit 1 applies voltage to second connection 
voltage V . terminal 222 of LED module 2 and detects Vin of the 
With reference to the drawings , the following describes a identification signal ( S11 ) . 

case where second connection terminal 222 and third con - Next , characteristics detector 14 compares voltage Vin of 
nection terminal 223 of LED module 2 are connected to each the identification signal with reference voltage Vy and 
other via resistor 233 having resistance value R233 . 40 reference voltage V , to determine whether ( i ) there is one 

FIG . 8 is an equivalent circuit schematic of a circuit that of open and short circuits between second connection ter 
determines voltage Vin of the identification signal according minal 222 and third connection terminal 223 or ( ii ) second 
to this embodiment . connection terminal 222 and third connection terminal 223 
As illustrated in FIG . 8 , a series circuit including resistor are connected to each other via resistor 233 ( S12 ) . 

233 and resistor 117 is connected to resistor 147 in parallel . 45 When characteristics detector 14 determines that there is 
In the equivalent circuit schematic illustrated in FIG . 8 , one of open and short circuits between second connection 
resistance value Ruiz of resistor 117 is sufficiently smaller terminal 222 and third connection terminal 223 ( Yes in S12 ) , 
than resistance value R233 , and therefore resistor 117 can be lighting circuit 1 controls power supplier 11 so that output of 
ignored . Furthermore , resistance value R , 47 is sufficiently power supplier 11 is a preset output that has been predeter 
larger than resistance value R233 , and therefore , combined 50 mined ( S13 ) . Specifically , lighting circuit 1 inputs reference 
resistance of a circuit including resistors 147 , 233 , and 117 voltage V16 that corresponds to the present output , from 
is substantially equal to resistance value R233 . Accordingly , characteristics detector 14 to power controller 12 , to perform 
voltage Vin of the identification signal is represented by such feedback control that voltage corresponding to the 
Expression 2 below . output current of power supplier 11 is substantially equal to 

55 reference voltage V16 . 
Vin = VcXR233 / ( R144 + R233 ) Expression 2 On the other hand , when characteristics detector 14 deter 

Resistance values Ryzz and R 14 and resistance values of mines that second connection terminal 222 and third con 
resistors 141 , 142 , and 145 are determined in such a way that nection terminal 223 are connected to each other via resistor 
voltage Vin of the identification signal represented by 233 ( No in S12 ) , lighting circuit 1 controls the output current 
Expression 2 is higher than low - voltage reference voltage 60 of power supplier 11 according to the identification infor 
V , and lower than high - voltage reference voltage Vu mation ( S14 ) . Specifically , lighting circuit 1 inputs voltage 
Accordingly , it is possible to determine that resistor 233 is Vin of the identification signal from characteristics detector 
connected to characteristics setter 23 when voltage Vin of the 14 to power controller 12 , to perform such feedback control 
identification signal is higher than low - voltage reference that voltage corresponding to the output current of power 
voltage V , and lower than high - voltage reference voltage 65 supplier 11 is substantially equal to voltage Vin . 
V , . When it is determined that resistor 233 is connected to As described above , lighting circuit 1 according to this 
characteristics setter 23 , voltage Vin of the identification embodiment supplies LED module 2 with current deter 
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mined based on the configuration between second connec FIG . 10 is a circuit diagram illustrating a configuration of 
tion terminal 222 and third connection terminal 223 of LED lighting circuit 1A according to this embodiment . FIG . 10 
module 2 , that is , the configuration of characteristics setter illustrates lighting circuit 1A , illumination system 10A 
23 . including lighting circuit 1A , and AC power supply 3 which 

5 supplies electrical power to lighting circuit 1A . 
1 - 4 . Advantageous Effects , Etc . As illustrated in FIG . 10 , lighting circuit 1A not only 

includes power supplier 11 , power controller 12 , control 
As described above , lighting circuit 1 according to this power supply 13 , and characteristics detector 14 as does 

embodiment includes characteristics setter 14 that detects lighting circuit 1 according to Embodiment 1 described 
one of open and short circuits between third connection 10 above , but also includes connection determiner 17 . 
terminal 223 and second connection terminal 222 of LED Connection determiner 17 is a circuit that determines 
module 2 . Furthermore , lighting circuit 1 includes power whether or not LED module 2 is connected to lighting circuit 
controller 12 that adjusts current that is supplied to LED 1A . When LED module 2 is connected to lighting circuit 1A , 
module 2 , to a predetermined value greater than zero , when is current flows to resistor 117 , and connection determiner 17 
characteristics detector 14 detects one of open and short senses , using voltage application across resistor 117 , that 
circuits between third connection terminal 223 and second LED module 2 is connected . When connection determiner 
connection terminal 222 . 17 detects voltage application to resistor 117 , connection 

With this , lighting circuit 1 is capable of supplying current determiner 17 does not influence an operation performed by 
to LED module 2 of a type in which there is one of open and 20 switching element 113 of power supplier 11 , and when 
short circuits between second connection terminal 222 and connection determiner 17 does not detect voltage application 
third connection terminal 223 . to resistor 117 , connection determiner 17 maintains switch 

In lighting circuit 1 according to this embodiment , char - ing element 113 in OFF state . Thus , connection determiner 
acteristics detector 14 may detect one of open and short 17 deactivates power supplier 11 . Connection determiner 17 
circuits between third connection terminal 223 and second 25 includes switching element 171 , comparator 172 , and DC 
connection terminal 222 by measuring a value of resistance power supply 173 . 
between third connection terminal 223 and second connec DC power supply 173 generates a reference voltage for 
tion terminal 222 . use in comparison with voltage that is applied to resistor 

Furthermore , in lighting circuit i according to this 117 . An output voltage of DC power supply 173 is input to 
embodiment , when characteristics detector 14 detects nei - 30 a non - inverting input terminal of comparator 172 . The 
ther of the open and short circuits between third connection output voltage of DC power supply 173 is determined based 
terminal 223 and second connection terminal 222 , power on resistance value R117 of resistor 117 and current flowing 
controller 12 adjusts , based on resistance value Rosa , current when LED module 2 is properly connected to lighting circuit 
that is supplied to LED module 2 . 1A . Specifically , the output voltage of DC power supply 173 

Thus , lighting circuit 1 is capable of supplying current to 35 is set to a value smaller than that of voltage applied to 
LED module 2 of a type in which third connection terminal resistor 117 when LED module 2 is properly connected to 
223 and second connection terminal 222 are connected to lighting circuit 1A . The output voltage of DC power supply 
each other via a resistor . Furthermore , lighting circuit 1 is 173 is not particularly limited ; for example , it is approxi 
capable of adjusting , according to the resistor , current that is mately 0 . 3 V . 
supplied to LED module 2 , and therefore is capable of 40 Comparator 172 is a circuit that compares the output 
supplying current to LED module 2 of various types the voltage of DC power supply 173 and voltage that is applied 
required current of which is different . to resistor 117 . An output voltage of DC power supply 173 

Furthermore , in lighting circuit 1 according to this and voltage that is applied to resistor 117 are respectively 
embodiment , power controller 12 may increase the current input to a non - inverting input terminal and an inverting input 
that is supplied to LED module 2 as the value of resistance 45 terminal of comparator 172 . With this , when the output 
between third connection terminal 223 and second connec voltage of DC power supply 173 is higher than voltage that 
tion terminal 222 increases . is applied to resistor 117 , that is , when LED module 2 is not 

connected to lighting circuit 1A , comparator 172 outputs a 
Embodiment 2 HIGH signal to switching element 171 . When the output 

50 voltage of DC power supply 173 is lower than voltage that 
Next , a lighting circuit according to Embodiment 2 is is applied to resistor 117 , that is , when LED module 2 is 

described . The lighting circuit according to this embodiment connected to lighting circuit 1A , comparator 172 outputs a 
includes , in addition to the functions of lighting circuit 1 LOW signal to switching element 171 . 
according to Embodiment 1 described above , a function of Switching element 171 deactivates power supplier 11 
determining whether or not LED module 2 is connected . 55 when LED module 2 is not connected to lighting circuit 1A . 

The following description will focus on the configuration In this embodiment , switching element 171 is an N - channel 
of the lighting circuit according to this embodiment that is MOSFET . When it is determined based on an output signal 
different from that of lighting circuit 1 according to Embodi of comparator 172 that LED module 2 is not connected to 
ment 1 described above ; as such , description of configura - lighting circuit 1A , switching element 171 causes a gate 
tions common to these embodiments will be omitted . 60 electrode of switching element 113 of power supplier 11 to 

be grounded so that power supplier 11 is deactivated . When 
2 - 1 . Configuration of Lighting Circuit it is determined based on an output signal of comparator 172 

that LED module 2 is connected to lighting circuit 1A , 
First , a configuration of a lighting circuit and a configu - switching element 171 opens a circuit between the gate 

ration of an illumination system including the lighting 65 electrode of switching element 113 and a grounded source 
circuit according to this embodiment are described with electrode of switching element 171 . Thus , switching element 
reference to the drawings . 171 does not influence an operation performed by power 
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supplier 11 when it is determined that LED module 2 is 
connected to lighting circuit 1A . 
As described above , lighting circuit 1A according to this 

embodiment has a configuration that can determine whether 
or not LED module 2 is connected . 

module or a COB ( chip on board ) being in an abnormal 
condition due to an increase in ambient temperature or 
depending on a lighting status . 

This embodiment aims to solve the aforementioned prob 
5 lem and provide a lighting circuit , a luminaire , and an 

illumination system that are capable of outputting proper 
light even in an abnormal state . 2 - 2 . Operation Performed by Lighting Circuit 

10 

15 

103 . 

Next , an operation performed by lighting circuit 1A is 3 - 1 . Configuration of Lighting Circuit 
described with reference to the drawings . 

FIG . 11 is a flowchart showing an operation performed by First , a configuration of lighting circuit 1B according to 
lighting circuit 1A according to this embodiment . this embodiment is described with reference to the drawings . 
As illustrated in FIG . 11 , first , connection determiner 17 FIG . 12 is a circuit diagram illustrating a configuration of 

of lighting circuit 1A determines whether or not LED lighting circuit 1B according to this embodiment . In addition 
module 2 is connected ( S21 ) . to lighting circuit 1B , LED module 2 and AC power supply When connection determiner 17 determines that LED 3 which supplies electrical power to lighting circuit 1B are module 2 is not connected to lighting circuit 1A ( No in S21 ) , illustrated in FIG . 12 . power supplier 11 is deactivated , with the result that current AC power supply 3 outputs AC voltage and is a system output from lighting circuit 1A stops ( S22 ) . 

When connection determiner 17 determines that LED 20 P ID 20 power supply such as a commercial power supply which 
module 2 is connected to lighting circuit 1A ( Yes in S21 ) , outputs AC voltage of 100 V to 242 V , for example . 
power supplier 11 is not deactivated , and an identification As illustrated in FIG . 12 , lighting circuit 1B includes 
signal is detected ( S23 ) . power supplier 11 , power controller 12 , control power 

Steps following Step S23 of detecting an identification supply 13 , and characteristics detector 14B . Furthermore , 
signal , namely , Steps S24 , S25 , and S26 , are the same or 25 lighting circuit 1B includes output terminals 101 , 102 , and 
similar as Steps S12 , S13 , and S14 in the operation per 
formed by lighting circuit 1 according to Embodiment 1 Lighting circuit 1B according to this embodiment is 
described above . different from lighting circuit 1 according to Embodiment 1 

After determining as described above whether or not LED in terms of the configuration of characteristics detector 14B . 
module 2 is connected , lighting circuit 1A according to this 30 The configuration of characteristics detector 14B is 
embodiment supplies LED module 2 with current deter - described below . 
mined based on the configuration of characteristics setter 23 Characteristics detector 14B is a circuit that detects char 
of LED module 2 . acteristics of LED module 2 based on the identification 

signal . Characteristics detector 14B outputs to power con 
2 - 3 . Advantageous Effects , Etc . 35 troller 12 voltage determined based on the result of the 

detection . This voltage corresponds to a target value of 
As described above , as compared to lighting circuit 1 current which power supplier 11 outputs . As illustrated in 

according to Embodiment 1 described above , lighting circuit FIG . 12 , characteristic detector 14B includes IC ( integrated 
1A according to this embodiment additionally includes circuit ) 15 , resistors 141 , 142 , 145 , 147 , 148a , 1486 , 148c , 
connection determiner 17 that determines whether or not 40 and 149 , diode 143 , capacitor 146 , and transistors 150a and 
LED module 2 is connected to lighting circuit 1A , and when 150b . 
it is determined that LED module 2 is not connected , IC 15 is a circuit for detecting voltage Vin of the identi 
deactivates lighting circuit 1A . fication signal ( that is , voltage at second connection terminal 

Thus , lighting circuit 1A is deactivated when it is deter - 222 of LED module 2 ) . IC 15 includes comparators 151 and 
mined that LED module 2 is not connected , which reduces 45 152 , and compares voltage Vin of the identification signal 
the occurrence of current being output during when LED with high - voltage reference voltage V , and low - voltage 
module 2 is not connected . reference voltage V? . Characteristics detector 14B deter 

mines , based on a value of voltage Vin of the identification 
Embodiment 3 signal , reference voltage ( preset voltage ) Vp , which is input 

50 to power controller 12 . Reference voltage VR corresponds 
Next , a lighting circuit , a luminaire , and an illumination to a preset value of current that is supplied to LED module 

system according to Embodiment 3 are described . 2 according to resistance value R23 of characteristics setter 
PTL 1 mentioned above discloses , regarding the LED 23 ( an identification resistor ) between second connection 

module , a method of controlling a preset current value terminal 222 and third connection terminal 223 of LED 
according to identification information on a lamp . However , 55 module 2 . A method of determining reference voltage VRL 
the preset current value is controlled so as to have a directly by characteristics detector 14B will be described later in 
proportional relationship with a voltage value of a connec - detail . 
tion terminal ( that is , a value proportional to a resistance Comparator 151 is a circuit that compares voltage Vin of 
value of the characteristics setter ) . Even when the preset the identification signal and high - voltage reference voltage 
current value is controlled stepwise , the proportional rela - 60 Vu . Reference voltage Vy and voltage Vin of the identifi 
tionship is basically maintained , that is , the preset current cation signal are respectively input to a non - inverting input 
value is controlled so as to increase stepwise at a constant terminal and an inverting input terminal of comparator 151 . 
rate as the resistance value of the characteristics setter Comparator 152 is a circuit that compares voltage Vin of 
increases . the identification signal and low - voltage reference voltage 

Such a control has a problem in that output of LED keeps 65 Vl . Voltage Vin of the identification signal and reference 
on increasing and becomes high when the temperature of a voltage V , are respectively input to a non - inverting input 
resistor increases as a result of , for example , the LED terminal and an inverting input terminal of comparator 152 . 
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Resistors 141 , 142 , and 145 are elements among which Vin = VccxR23 / ( R144 + R23 ) Expression 3 

voltage applied by control power supply 13 is divided and Resistance values R233 and R 44 and resistance values of that are used for generating high - voltage reference voltage resistors 141 , 142 , and 145 are determined in such a way that Vy and low - voltage reference voltage Vz . Resisters 141 , voltage Vin of the identification signal represented by 
142 , and 145 are connected in series in the stated order and 5 Expression 3 is higher than low - voltage reference voltage 
are connected to an output end of control power supply 13 . V , and lower than high - voltage reference voltage Vu . Accordingly , high - voltage reference voltage Vyis generated 
at a connection point between resistor 141 and resistor 142 , 3 - 3 . Operation Performed by Lighting Circuit and low - voltage reference voltage V , is generated at a 
connection point between resistor 142 and resistor 145 . The 10 Next , an operation performed by lighting circuit 1B is 
connection point between resistor 141 and resistor 142 is described with reference to the drawings . 
connected to the non - inverting input terminal of comparator Characteristics detector 14B of lighting circuit 1B applies 
151 , and the connection point between resistor 142 and voltage to second connection terminal 222 of LED module 
resistor 145 is connected to the non - inverting input terminal 2 and detects V . , of the identification signal . Then , charac 
of comparator 152 . 15 teristics detector 14B compares voltage Vin of the identifi 

Diode 143 is a rectifying element for preventing current cation signal with reference voltage V , , and reference volt 
from flowing toward control power supply 13 . age V? , to determine reference voltage VRL 
Resistor 144 is an element with which voltage applied by Lighting circuit 1B inputs reference voltage Vzx that 

control power supply 13 is divided . Resistor 144 is con - corresponds to the present output , from characteristics 
nected to second connection terminal 222 of LED module 2 . 20 detector 14B to power controller 12 , to perform such feed 
Thus , voltage Vin of the identification signal is applied to back control that voltage corresponding to the output current 
this connection point . How to determine resistance values of power supplier 11 ( voltage V ( R ) across resistor 117 ) is 
R 44 and R23 will be described later in detail . substantially equal to reference voltage VRL 

Capacitor 146 is an element for reducing noise that is In detail , in power controller 12 , comparator 122 receives 
added to the identification signal . 25 reference voltage VRL of the output at a positive input 

Resistors 148a , 148 , 148c , and 149 are elements among terminal , and receives , at a negative input terminal , voltage 
which voltage applied by control power supply 13 is divided V ( R1 ) occurring across resistor 117 according to current 
and that are used for generating reference voltage ( preset flowing to LED 21 . Turn - ON and turn - OFF operations of 
voltage ) Vri that is input to power controller 12 . Reference switching element 113 are controlled so as to set voltage 
voltage VRL corresponds to a preset value of current that is 30 V ( R1 ) across resistor 117 to reference voltage Vor : 
supplied to LED module 2 according to resistance value R23 Reference voltage Vp , is an output voltage that decreases 
of characteristics setter 23 between second connection ter - stepwise as resistance value Ro , of characteristics setter 23 
minal 222 and third connection terminal 223 of LED module that identifies a lamp increases , as explained below . Thus , 

reference voltage VR decreases stepwise as resistance value 
Transistor 150a is turned ON or OFF according to a level 35 R increases . 

of an output signal of comparator 151 . When voltage Vin of Reference voltage Vp is determined in the following 
the identification signal is higher than reference voltage VU manner . 
comparator 151 outputs a HIGH signal . With this , transistor With control power supply 13 , current flows along the 
150a is turned ON . When voltage Vin of the identification path from rectifier 111 to resistor 131 to Zener diode 132 , 
signal is lower than reference voltage Vu , comparator 151 40 and voltage V occurs across Zener diode 132 . 
outputs a LOW signal . With this , transistor 150a is turned Furthermore , current flows along the path from Zener 
OFF . diode 132 to diode 143 to resistor 144 to characteristics 

Likewise , transistor 150b is turned ON or OFF according setter Ryz , and voltage V ( R2 ) ( = Vin ) occurs across charac 
to a level of an output signal of comparator 152 . When teristics setter 23 . Capacitor 146 is for noise removal . 
voltage Vin of the identification signal is higher than refer - 45 Accordingly , if a reverse voltage of diode 143 is ignored , 
ence voltage V , comparator 152 outputs a HIGH signal . voltage V ( R2 ) across characteristics setter 23 is represented 
With this , transistor 150b is turned ON . When voltage Vin of by Expression 4 below . 
the identification signal is lower than reference voltage V? , 
comparator 152 outputs a LOW signal . With this , transistor V ( R23 ) = R23 / ( R144 + R23 ) XVce Expression 4 
150b is turned OFF . 50 Meanwhile , the circuit in which resistors 141 , 142 , and 

Thus , combinations of ON and OFF states of transistors 145 are connected in series is connected in parallel with 
150a and 150b are used to determine reference voltage VRL Zener diode 132 , and therefore , voltage Vy at a connection 

With the above - described configuration of lighting circuit point between resistors 141 and 142 and voltage V , at a 
1B , voltage Vi , of the identification signal , that is , voltage connection point between resistors 142 and 145 are respec 
V ( R23 ) of characteristics setter 23 , is determined as follows 55 tively those represented by Expression 5 and Expression 6 
according to resistance value R23 of characteristics setter 23 below . 
of LED module 2 . 

The relationship between ( i ) voltage Vin of the identifi V ( R142 + R145 / ( R141 + R142 + R145 ) xVcc Expression 5 
cation signal and ( ii ) characteristics setter 23 , resistor 117 , 
and resistor 144 is described below . V = R145 / ( R141 + R142 + R145 ) x VCC Expression 6 
As illustrated in FIG . 12 , characteristics setter 23 , resistor Voltage Vy is input to a positive input terminal of com 

117 , and resistor 144 are connected in series when viewed in parator 151 , and voltage V , is input to a positive input 
the equivalent circuit schematic . Resistance value R117 of terminal of comparator 152 . 
resistor 117 is sufficiently smaller than resistance value R23 A midpoint potential between resistor 144 and character 
of characteristics setter 23 , and therefore resistor 117 can be 65 istics setter 23 described above , that is , voltage V ( R23 ) , is 
ignored . Accordingly , voltage Vin of the identification signal input to a negative input terminal of each of comparators 151 
is represented by Expression 3 below . and 152 . 

2 . 
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Reference voltage VRL is determined for each of the Since resistance value R23 of characteristics setter 23 and 
following conditions according to voltage V ( R23 ) which voltage V ( R23 ) which occurs across characteristics setter 23 
occurs according to resistance value R23 of characteristics have a proportional relationship , the relationship between 
setter 23 . With this , reference voltage Vru is determined as voltage V ( R23 ) which occurs across characteristics setter 23 
a step - like signal voltage . and a value of current that flows through LED 21 can be 
1 . When 0 < V ( R23 ) < V . simply replaced by the relationship between resistance value 
Comparator 151 outputs a HIGH signal , and transistor R23 of characteristics setter 23 and a preset current value . In 

150a is turned ON . Comparator 152 outputs a HIGH signal , other words , a preset current is a step - like current having a 
and transistor 150b is turned ON . value that remains constant while resistance value R23 of the 

Therefore , reference voltage Vrz is represented by 10 characteristics setter is in a predetermined range , and 
Expression 7 below . decreases as the resistance value of the characteristics setter 

increases . VRL = V ( R149 ) = R149 / ( R148a + R149 ) xVcc Expression 7 
In characteristics detector 14B illustrated in FIG . 12 , the 2 . When Vz < V ( R23 ) < Vv . number of resistors connected to an input side and an output 

Comparator 151 outputs a HIGH signal , and transistor 15 side of IC 15 , and resistance values thereof , can be changed 
150a is turned ON . Comparator 152 outputs a LOW signal , to change the number of changes in resistance value R2 , of 
and transistor 150b is turned OFF . characteristics setter 23 and the preset current value ( the 

Therefore , reference voltage Vrl is represented by number of steps ) , and values thereof , as shown in FIG . 14 , 
Expression 8 below . for example . In this case , the number of comparators in IC 

pression 2015 and the number of transistors connected to the compara VRL = V ( R149 ) = R149 / ( R148a + R148c + R149 ) V cc tors in IC 15 may be changed as well . 
3 . When Vu < V ( R23 ) In lighting circuit 1B according to this embodiment , the 

Comparator 151 outputs a LOW signal , and transistor value of voltage for passing current through an LED 
150a is turned OFF . Comparator 152 outputs a LOW signal , decreases as the resistance value of the characteristics setter 
and transistor 150b is turned OFF . 25 which is used for identifying the LED increases as described 

Therefore , reference voltage VRL is represented by above , and therefore , control to reduce the output voltage is 
Expression 9 below . possible even when the characteristics setter has a large 

VRL = V ( R149 ) = R149 / ( R148a + R1485 + R148c + R149 ) xVcc Expression 9 resistance value in association with an increase in the 
temperature of a device or a COB due to an abnormal 

Reference voltage VRL is input to the positive input 30 condition or the like . Thus , it is possible to provide a safe 
terminal of comparator 122 . current supply without damaging the LED module . 

Differences in voltage are represented by Expression 10 Since the preset current is the step - like current , it is 
below . possible to perform the control that is not affected by 

R149 / ( R148a + R 1485 + R 148c + R149 ) XV cc variation in the resistance value of characteristics setter 23 
35 or a shift of the preset value due to a change in temperature . 

< V ( R149 ) = R149 / ( R148a + R 148c + R149 ) xVcc Furthermore , the step - like preset current makes it easy for 
a user to recognize a change in settings . In addition , the 

< V ( R149 ) = R149 / ( R 148a + R149 ) xVcc Expression 10 control of lighting circuit 1B can be performed using digital 
values . Thus , a lower voltage V ( R149 ) occurs across R149 as 20 

voltage V ( R23 ) across characteristics setter 23 increases . 3 - 4 . Advantageous Effects , Etc . Furthermore , voltage V ( R / 49 ) has a constant value regard 
less of changes in resistance value Rzz of characteristics As described above , lighting circuit 1B according to this setter 23 while V ( R23 ) is in each range of conditions 1 , 2 , embodiment supplies current to LED module 2 which is a 
and 3 above . 45 solid - state light - emitting element module . LED module 2 With reference voltage VR determined as described includes LED 21 which is a solid - state light - emitting ele above , reference voltage VRL is a signal voltage that ment , and characteristics setter 23 connected to one end and decreases stepwise . the other end of LED 21 . Lighting circuit 1B includes FIG . 13 shows the relationship between a preset voltage characteristics detector 14B which measures a resistance 
value ( = reference voltage VRL ) and the resistance value R23 50 value of characteristics setter 23 , and power controller 12 
of the characteristic setter 23 which is proportional to the which supplies voltage for passing a preset current through 
voltage V ( R2 ) which occurs across characteristics setter 23 LED module 2 when characteristics detector 14B measures 
with the circuit of FIG . 12 . a resistance value of characteristics setter 23 . Here , v1 , v2 , and v3 in FIG . 13 are represented by The preset current is a step - like current having a value that Expression 11 , Expression 12 , and Expression 13 below , 55 rem 13 below , 55 remains constant while the resistance value of characteristics respectively . setter 23 is in a predetermined range , and decreases as the 

vl = R149 / ( R 148a + R149 ) xVce Expression 11 resistance value of characteristics setter 23 increases . On the 
basis of the resistance value of characteristics setter 23 , 

v2 = R149 / ( R 148a + R148c + R149 ) xVcc Expression 12 characteristics detector 14B outputs to power controller 12 
60 reference voltage VR which decreases stepwise as the 

v3 = R149 / ( R 148a + R1485 + R 148c + R 149 ) Vce Expression 13 resistance of characteristics setter 23 increases . Power con 
In addition , r1 and r2 in this figure are represented by troller 12 adjusts , based on reference voltage VRL , voltage 

Expression 14 and Expression 15 below , respectively . for passing the preset current through LED module 2 . 
With this , the value of voltage for passing current through 

r1 & V = R145 / ( R141 + R142 + R145 ) xVcc Expression 14 65 LED 21 decreases as the resistance value of characteristics 
setter 23 which is used for identifying LED 21 increases , and 

r2 « V2 = ( R142 + R145 ) / ( R141 + R142 + R145 ) ~ Vcc Expression 15 therefore , control to reduce the output voltage is possible 
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even when characteristics setter 23 has a large resistance constant decrement with respect to a constant increment of 
value in association with an increase in the temperature of a resistance value R , z of characteristics setter 23 . 
device or a COB due to an abnormal condition or the like . As shown in FIG . 16 , the lighting circuit according to this 
Thus , it is possible to provide a safe current supply without embodiment changes the preset current when the resistance 
damaging LED module 2 . 5 value of characteristics setter 23 changes by a constant 

Since the preset current is the step - like current , it is value . Assume herein that value I , of a change in the preset 
possible to perform the control that is not affected by current is a constant value . To put it differently , as shown in 
variation in the resistance value of characteristics setter 23 FIG . 16 , the lighting circuit according to this embodiment 
or a shift of the preset value due to a change in temperature . performs the control that decreases the preset current value 
In this case , the range of the preset current value that is stepwise by constant value I , with respect to a change in the 
constant with respect to a variation range of the resistance resistance value . 
value is preferably set to be wide . With this configuration , a user can easily recognize a 

Furthermore , the step - like preset current makes it easy for change in settings , and the control can be easy . 
a user to recognize a change in settings . In addition , the 16 
preset current , specifically , voltage that is applied to LED Embodiment 6 
21 , can be controlled using digital values , and therefore it is 
possible to easily perform control such as dimming . For Next , Embodiment 6 is described . FIG . 17 shows the 
example , 256 - level dimming is possible by the use of a relationship between a preset current value and a resistance 
256 - stage flip - flop circuit . Moreover , since the preset cur - 20 value of a characteristics setter with a lighting circuit 
rent , specifically , the voltage that is applied to the LED , can according to Embodiment 6 . 
be controlled using digital values , there is no need to use a The lighting circuit according to this embodiment is 
digital - analog converter circuit , meaning that digital control different from lighting circuit 1B according to Embodiment 
on the lighting circuit is possible with a simple configura - 3 in that the decrement of the preset current value decreases 

25 as resistance value R23 of characteristics setter 23 decreases . 
As shown in FIG . 17 , the lighting circuit according to this 

Embodiment 4 embodiment sets value I , of a change in the preset current to 
a small value in the range where resistance value R2 , of 

Next , Embodiment 4 is described . FIG . 15 shows the characteristics setter 23 is small . The preset current is 
relationship between a preset current value and a resistance 30 controlled in such a way that value I , of a change in the 
value of a characteristics setter with a lighting circuit preset current gradually increases as resistance value Roof 
according to Embodiment 4 . characteristics setter 23 increases . In other words , as shown 

The lighting circuit according to this embodiment is in FIG . 17 , the control is performed so that the decrement of 
different from lighting circuit 1B according to Embodiment the preset current that decreases stepwise increases as resis 
3 in that the preset current is set to one of two different 35 tance value R , of characteristics setter 23 increases . Note 
current values depending on whether resistance value R23 of that any method may be used to set resistance value R23 of 
the characteristics setter is larger or smaller than a prede characteristics setter 23 , and any method may also be used 
termined value . to set value I , of a change in the preset current . For example , 
As shown in FIG . 15 , the preset current value is set to a resistance value R23 of characteristics setter 23 may be set in 

HIGH level when resistance value R23 of characteristics 40 such a way that for each of constant increments thereof , the 
setter 23 is smaller than Rh , and the preset current value is preset current decreases , or resistance value R23 of charac 
set to a LOW level when resistance value R23 of character - teristics setter 23 may be set in such a way that for each of 
istics setter 23 is larger than Rth . In short , the lighting circuit different increments thereof , the preset current decreases . 
according to this embodiment has , as the preset current With this configuration , it is possible to efficiently control 
value , two different values one of which is selected accord - 45 even LED 21 that has different current characteristics 
ing to R , which is a threshold value . depending on whether resistance value Rzz of characteristics 

With this configuration , a difference does not occur in the setter 23 is large or small . Particularly , even in the case of 
output current value even when resistance value R23 of using LED 21 having characteristics that the value of a 
characteristics setter 23 varies , and thus it is possible to change in the current is small in the range where the 
control LED 21 so that the brightness of LED 21 is constant . 50 resistance value is small and the value of a change in the 
Therefore , even a resistor that does not have high tolerance current is large in the range where the resistance value is 
to a change in temperature can be used as the characteristics large , accurate control is possible because the preset current 
setter , allowing a lighting circuit to be formed with a low value is delicately controlled in the range of resistance value 
cost . R23 of characteristics setter 23 where the change in the 

Note that the preset current value is not limited to two 55 current is small . 
different values , which is described above , and may be three 
or more different values . Embodiment 7 

Embodiment 5 Next , Embodiment 7 is described . FIG . 18 shows the 
60 relationship between a preset current value and a resistance 

Next , Embodiment 5 is described . FIG . 16 shows the value of a characteristics setter with a lighting circuit 
relationship between a preset current value and a resistance according to Embodiment 7 . 
value of a characteristics setter with a lighting circuit The lighting circuit according to this embodiment is 
according to Embodiment 5 . different from lighting circuit 1B according to Embodiment 

The lighting circuit according to this embodiment is 65 3 in that the predetermined increment of resistance R23 of 
different from lighting circuit 1B according to Embodiment characteristics setter 23 decreases as resistance value R , of 
3 in that the preset current value changes stepwise by a characteristics setter 23 decreases . 
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As shown in FIG . 18 , the lighting circuit according to this 222 increases in the above embodiments , the way to adjust 
embodiment sets , to a small value , range X of the resistance the current is not limited to this example . For example , the 
value where the preset current remains constant , when circuit configuration of power controller 12 may be changed 
resistance value R23 of characteristics setter 23 is small . The to make an adjustment so that the current that is supplied to 
preset current is controlled in such a way that range X where 5 LED module 2 decreases as resistance value R233 increases . 
the preset current remains constant gradually increases as While the foregoing has described what are considered to 
resistance value R23 of characteristics setter 23 increases . be the best mode and / or other examples , it is understood that 
Note that any method may be used to set resistance value various modifications may be made therein and that the 
R23 of characteristics setter 23 , and any method may also be subject matter disclosed herein may be implemented in 

various forms and examples , and that they may be applied 
example , resistance value R23 of characteristics setter 23 in numerous applications , only some of which have been 
may be set in such a way that for each of constant increments described herein . It is intended by the following claims to thereof , the preset current decreases , or resistance value R2 claim any and all modifications and variations that fall of characteristics setter 23 may be set in such a way that for 15 within the true scope of the present teachings . each of different increments thereof , the preset current 15 
decreases . 

With this configuration , even in the case of using LED 21 What is claimed is : 
having characteristics that the change in the current amount 1 . A lighting circuit which supplies current to a solid - state 
is large in the range where the resistance value is small and light - emitting element module including a solid - state light 
the change in the current amount is small in the range where 20 emitting element , and first , second , and third connection 
the resistance value is large , accurate control is possible terminals , the lighting circuit comprising : 
when resistance value R23 of characteristics setter 23 which a characteristics detector that detects an open circuit 
switches the preset current value is delicately controlled in between the third connection terminal and the second 
the range of the resistance value where the change in the connection terminal ; and 
current amount is large . a power controller that adjusts current that is supplied 

between the first connection terminal and the third 
Embodiment 8 connection terminal to the solid - state light - emitting 

element of the solid - state light - emitting element mod Next , an illumination system according to Embodiment 8 ule , to a predetermined value greater than zero , when 
is described . the characteristics detector detects the open circuit FIG . 19 is an external view of illumination system 10E between the third connection terminal and the second according to this embodiment . Illumination system 10E connection terminal . illustrated in FIG . 19 includes luminaire 4E and LED 
module 2E . Luminaire 4E includes one of lighting circuits 1 , 2 . The lighting circuit according to claim 1 , 
1A , and 1B according to the above embodiments and socket 35 wherein the characteristics detector detects the open cir 
6 ( see FIG . 1 ) for connecting LED module 2E . In this cuit between the third connection terminal and the 
embodiment , luminaire 4E is a downlight , and includes lamp second connection terminal by measuring a value of 
mount 41 which houses the lighting circuit and to which resistance between the third connection terminal and 
LED module 2E is fitted . LED module 2E includes the same the second connection terminal . 
or similar circuit as that included in LED module 2 , and 40 3 . The lighting circuit according to claim 1 , 
includes housing 250 having , on an external surface , plug 22 wherein when the characteristics detector does not detect 
for connecting to socket 6 of luminaire 4E . the open circuit between the third connection terminal 

Since illumination system 10E described above includes and the second connection terminal , the power control 
one of lighting circuits 1 , 1A , and 1B according to the above ler adjusts , based on a value of resistance between the 
embodiments , illumination system 10E is capable of pro - 45 third connection terminal and the second connection 
ducing the same or similar advantageous effects as those terminal , the current that is supplied to the solid - state 
produced by a corresponding one of lighting circuits 1 , 1A light - emitting element module . 
and 1B according to the above embodiments . 4 . The lighting circuit according to claim 3 , 

wherein the power controller increases the current that is 
VARIATIONS AND OTHERS 50 supplied to the solid - state light - emitting element mod 

ule as the value of resistance between the third con 
Although the lighting circuit , the luminaire , and the nection terminal and the second connection terminal 

illumination system according to the embodiments have increases . 
been described above , the present disclosure is not limited to 5 . The lighting circuit according to claim 1 , further 
these embodiments . 55 comprising 

For example , although LED 21 is formed of an SMD LED a connection determiner that determines whether or not 
element in the above embodiments , this is not the only the solid - state light - emitting element module is con 
example . For example , an LED chip mounted on a substrate nected to the lighting circuit , and deactivates the light 
per se may be adopted as LED 21 . ing circuit when the connection determiner determines 

Furthermore , although LED 21 is used as a solid - state 60 that the solid - state light - emitting element module is not 
light - emitting element in the above embodiments , other connected . 
solid - state light - emitting elements such as an organic EL 6 . A luminaire comprising 
( electroluminescence ) element may be used . the lighting circuit according to claim 1 . 

Furthermore , although power controller 12 makes an 7 . The luminaire according to claim 6 , further comprising 
adjustment so that the current that is supplied to LED 65 a socket that is connected to the first connection terminal , 
module 2 increases as resistance value R233 between third the second connection terminal , and the third connec 
connection terminal 223 and second connection terminal tion terminal . 

50 
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8 . A lighting circuit which supplies current to a solid - state 10 . The lighting circuit according to claim 8 , 

light - emitting element module including : a solid - state light wherein the preset current is a step - like current that 
emitting element and an identification resistor , the lighting decreases by a predetermined value for each predeter 
circuit comprising : mined increment of the resistance value of the identi a characteristics detector that measures a resistance value 5 fication resistor . of the identification resistor ; and 11 . The lighting circuit according to claim 10 , a power controller that supplies voltage for passing a 

preset current through the solid - state light - emitting wherein the predetermined increment of the resistance 
element module when the characteristics detector mea value of the identification resistor increases as the 
sures the resistance value of the identification resistor , resistance value of the identification resistor increases . 

wherein the preset current is a step - like current having a 12 . The lighting circuit according to claim 8 , 
value that remains constant while the resistance value wherein the preset current is a step - like current that 
of the identification resistor is in a predetermined decreases by a predetermined value for each constant 
range , and decreases as the resistance value of the increment of the resistance value of the identification 
identification resistor increases , resistor . 

the characteristics detector outputs a reference voltage to 15 13 . The lighting circuit according to claim 12 , 
the power controller based on the resistance value of wherein a decrement of the preset current decreases as the the identification resistor , the reference voltage resistance value of the identification resistor decreases . decreasing stepwise as the resistance value of the 14 . A luminaire comprising identification resistor increases , and the lighting circuit according to claim 8 . the power controller adjusts , based on the reference 20 
voltage , voltage for passing the preset current through 15 . An illumination system comprising : 

the luminaire according to claim 6 ; and the solid - state light - emitting element module . 
9 . The lighting circuit according to claim 8 , the solid - state light - emitting element module . 

16 . An illumination system comprising : wherein the preset current is set to one of two different the luminaire according to claim 14 ; and the solid - state current values depending on whether the resistance 25 
value of the identification resistor is larger or smaller light - emitting element module . 
than a predetermined value . * * * * * 


